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1. IXC®HIT

4T TE~K 3 TEROL—F o TIZBWT, [HAXRT VT ILH —)L & AR
T YD ADOMTREBEINEL b, Z20ORMNBESTZ X 5720, BiE D
WL, BENEEHRD ST Z LITE WY, Fz, BRMAFEFER X, WEOMICH:
flhndh 0 | FEMFS Ao 2B TH 722 LR EN D, HIE, IBALHA
HEERNELRO T, WEOMOIALIZREND, REBICHRBEE LT EEZX LD
WHIRTH A9,

% 2T, I SEEAMIIGE AR Tl RIS RG] 2 EERGEL S L
T, IBAEHANDOZFREOFIKZEHICEE D TV D, FEIGHIL 3 SOREN LK S
5 (1) IHAEB ANOMIZEE IO EFRENBFE L, (2) FEEIKO
EWT, SUEOE(LERECERMEOZER 2 L, L EROZEREZHEORIZHZH L
7o, (3) ZHHDEEN IHADOKHME AN LLEROTERFEFTH 5,

ZOFEROREZ 723 O IHA L FAORIZSUERIZ2ENRFIE LT LT 5
BRI Ch D, FfE T, EHE BxiX, BERMovr—X), BEEHMEH., &
AR EEZBINT 28T, FIAORI iDL > T2 EZEX LN TNz, & ZAN,
RIS N BN Gt AEHLLRT D) 221 v O] IR 2&Ebia & i+ L (Zilhdo et
al. 2010), ¥ T AR =T VORIEERRT TNV — NV ThHo7o 2 ENBH LI
72% (Hublin et al. 2012) ([ZF > T, [HADBSALDOHFHIZIHB W TH AIZEH > Tz &I
—CE 2L eoTe, FO—FT, IBAGRUEN2EICHEL - BELIZOX, 77
U AR L0 —a v SR BIEA SR TH Y (Kuhn 2012) . W00 8T
ANFEOHNFETHoT-Z ENHERIN TS,

TR, BAEH AT HERIE O LG ENNFIE LI L1RET 5, L
ML, ZOFEEIKE O, FAEE ) OEMER72iE Y (Mithen 1996) (ZE5-SV) T
T2 LIRS 220, IBAEFHNITTFER DT, T LATRMREBEVWERET D HN%
HTHAHH, BAEITIE, IBAZHSXTHADA /U x— g VRS E D
Sl ER D, EERBERADA ) T x—3 a VRENTEEENBZE SN DR
(Takahashi et al. 2013) . Z @D 1 ~ 2 fEHERZFA YL OFEWA AN LB AOMIZFEE L L
THELTWEELTH, REREWRLRH DL (TiLzi),



SAEDEALHE D mIE E | BEFO T O BRI O LW IUREE A,
KEMTHZENHIFFSND, FTLWERERICEB L7 L 20, A UERZ K-> Thigr
TAHHFICHE T2 & &, mOUEELEEDNAFIE Th A 9D Z LIRS 1B
T&E 5, Tk, EOEHEEITZE S WO HERIZ L > TIRESNDIDTHA H 712
L HERRPIFRICEE SN TC B A A0 O e & o N O R BRIK 0 B EAE )
5§ X1 Cu % (Shennan 2001; Henrich 2004; Powell et al. 2009) , SEEE. MV A XK
VNI E, ETHOHFHNAVIEE, HUEELDIE SN DG83 HD 55, —H,
xS HITBAIANTEHRRIOE 21T 5 2 LI L ARFERER LY A/ U=
—a VEENDOFRENRRENT L AR L TE7 (Aokietal. 2011; Kobayashi & Aoki
2012; Aoki 2013),

2. XLEALEE 2 BRI ERT S

FRERRAFIE TIE, 2HObER (I, AROHTE IX—0#T Y1
BPE) O RRAG M4 a5 2 L2 Lo T, bR R ERIICHEE S
T2 (Lycett & Gowlett 2008; Rogers & Ehrlich 2008) , SC/btE{ b & oD BREGH T 72 TE 7%
(X, FEFERRMFZE THOWO N DB IFIEICRI LI ER TR ITULR B,

Z 2T, HAIFTLHENZRO AKX Z#RZE LT (Aokietal. 2011) :

R = Numy (1)

Z 2T N FEMT A X u R (B2, 1) Ym0 ERE ST DA ) U
—va U m IERE 1L NCXsTRIHENT A /U= —v 3 UDNMER SRS
BT ofEx (BEME) Thod, 2E0, K470, FEASETHRE Nu O D
A Txz—TarpaltiEansn, EHSETCHTRIEEINS A ) Tz — 3 T
ZOHFOEEG ny TR0 T, EEEEIX Nu &, OFEE L THEx LD,
ERICBWT, 4/ UVxe—va NIMHFEO UL EZEDO LR TH LA L. &<H
LWL ERTHILGAENEETE 5, TNENOULERIZHOWVWT, TOHEEZE
OT, FFFCAFIEL 9 DERMTI2HSFTET D, /2. A/ T=2—v a3 U RiTIAH
FHIERICAEL SN2 WER TH D, —hH, BEEME n, (33LEFREOmERX (T
LS L YA X B PR SRS D, SUBE(RIEEE O Z O E L, Kimura
(1969, 1983) DO HEALHFRGIH LT D TH 5,
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3. FUF LRHTIEER XUEENA T Ao

GiEHA L 1T, DR T THD, Thbb, ULEREME B E
LEDET2H (FEF) BN, BT 2T (BHEE) 2RIRTLEECL > TER
Shd, 10X ARUT) EMEENAEESRA TR, FEEN 1 NOFEREZBIES
ICEBATINERMT 2, £ LT, ZOEEEENAT DL EROLRM A2 EET 5
Tl D, ZOHAE A Te—va Y OEEMREIL i =1/N THY, Zhz (1)
HUTRA L TUbELEE A RO D E. R=u 255, 2F 0, Ub®ELHE X, 1
U x—a VROBIKF L, BT A XM OEHIT 2 TE LR,

LMY A X EMEHFEONENEE L 7225 01%, TEHEAAL T2 MIKHETH
Do EHANAT AL, WREICIEAT DG HBFE L, FEEILZ DA DL
EAETOEERLEL, ZhEE#EE & T EERTH S,

BERAAL T AOERYREHET LV E LT, BAITROBHERET VERE L
(Aoki et al. 2011; Aoki 2013), £, HFHDHV T THEHN, A /) T x=—3 a3 B
fFOEREIF 72 13UV ER O RKANZ AR TH EN5——8 L3 0 BOMER D MEi -
TWb——ERET 5, FEEL, EHNOLEESIGRIINT K AOFCHEM o
2. HHDERREZETHENT ATHWHIEAIT., CREE#ELTDH, L,
I ADWRWGAIEL, R A TRWERMZEEGET 5, ZOET N6 TS
DAL E 2 X 1 1R d, EHYA X N £723mE#il K AR VvTE,
SALEALIEE RN ED 2 & RN D,
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EENAT AL T o F LDRATIRED R ET 0 B3 02 D K 91T, bR 134
(4 R EFICEIET 55 L2 5 TRVBERD D, 1-T, 77 U B
AR g — v BB AERRIC A S e etk inE 2 ADERRED
ANAZHERTHHALE Y T2 0. EEEZET D, — . WTFhomERERTH,
A ) Tz—a VEBREWIEE, UbEEENEL 72D,

4. —NEBUMEDILRET )V

WIZ, LY A XDRKREWTE, UL (ENTIEH 523 ol T 2Rk
ERRALE D, 9, EHOHKEIX. MONOFREEETHHETRE L, £ 9 TR
FHHBRE D TEL LD ET D, [—XLHBRBE] LI DR TIE, &
HA XML THRE TH Y, FFHREDEHA 1TIRITND 2 &R, 7272, E#EA
AT ADLGEERRY SULEZEDONWNTNOELRUEZF L TWTH, ZELLBREIC
b, LR, BoRrEIFA /) To—a b EBHIOEGEWETHDL ET 5, ZOREIL.
BADOKREERZWRE LA ) Tx— 3 v SRR OB ORI X
S>TXFFEid (Hewlett 2013),

WD X e —RBHRBCREOBRIET NV EEZ D, BUrEOEDN K N, EHRHE
DN N—K ANThD, FEEIL K NDERENOEIERITRAIE 1 N LB
ET D, ZOET ML, BorEN 1T ALMNNR Aokietal. 2011) OET /L% Hor
HN K NOEEIZHEELTZH D TH S (Lehmann & Aoki #EfiT) ., X I, HoRE
EHBREBEDA ) Tx—a Fry, FRENL u Cuy &35 (P&, 202
HU teacher & non-teacher MEM), INEIZL V| ue > uy TH D, EEOIEHIEE
(Z 2Tl Bond LIBORE) BEETLHAEIC (D X2 —fbT 52 LiLb,
Tl S5 b bR T

R = [(N+ Du, + (N — K)uyJ/2N — K + 1) )

L 72 % (Lehmann & Aoki i),

ST, Q) REEMY A X N, Ei3Ecdl K TTMaoT5Z itk #ne
NOMREPTRD ZENTED, MR, BHY A X N BSEINT 2138, bkl
£ R Y (RN D) B35 enn0d, 202w, K2ITmRT, —FH,
Ci K OfERIE, SUbELZ IS E 5,
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5. %

E

5T, IHA A TIULD R ITIE O DR & 3 5 FERERY R BFFEDE 2 T
% (d’Brrico & Stringer 2011; Zilhdo 2013), Z #UIXIH A & 81 AN O] CRAIRE S D A15HY)
IREWRIFLE Lo T2 E T D FRISHE ROV TS, Fiz, 77 U B A asiet
%a~uyN%%EE SIRFRC, SUBEE(E IR R e Dl FrAOERTZA /
Trx—1a YENCED O TEHRS ., AAO (—KyZR) BMARETH 5 & it
STV D (Kum1mnzx

A TrX, SUEHE(LEEEE DR EZRIC AN D FIER NS END OO, RN
G’ Ko TIEZDOEN 2, FITWH < Z &2 BmIOR LT, 20, &

ERKORENBE THY ., Ema i+ 52 L1275, Hewlett (2013) 12 XX
HARMOFFHERERIZA /T —a VEBEIIOEWERAZEGE & LTnd, LaL,
ZHUIRIN DR EA ) T x=— a U EAIMT 280 I EINTD Z L/
D, EE BN 1 DOEKREIRA ) Tz —2 3 ANEELNTO I ED) 2 Hi
B DI —XSBURMEE, RELROITH LNV BIORERE AL T ANYTLED,
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Cultural evolutionary rates and the replacement scenario

Kenichi Aoki
Graduate School of Science, the University of Tokyo

Abstract: The Paleolithic “culture gap” between Neanderthals and modern humans is rapidly
closing, with—for example—the discovery that Iberian Neanderthals may have been using
marine shells and mineral pigments in a symbolic way before the arrival of modern humans,
and by the revised radiocarbon dates of the Chatelperronian which supports a Neanderthal
origin for the artifact assemblage. Nevertheless, the instances of rapid cultural change,
during the African late Middle Stone Age and European Upper Paleolithic, are firmly
associated with modern humans. The recent tendency in attempting to account for these
creative explosions is to invoke demographic factors such as population size. [ briefly
explain theoretical models for the cultural evolutionary rate, which show that population size
has an accelerating effect only under certain assumptions on the modes and biases of social
learning. In fact, with one-to-many transmission, the cultural evolutionary rate is predicted
to decrease as the population size increases. In all cases examined, the innovation rate is at

least as potent a determinant of the cultural evolutionary rate as the population size.
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RPN W e L e

0. &

INETIZEL OEFET TR I 2 L— 3 U, kb # A4 7 7 2
AT BEOICHV LN TR, ZOME, 8% SERERNLLNEN, HHilih
UCREINDEELREON S0E. B2 O CEREINTNE D &6 %< .
FARFGCE L FEAIIICE L OREL 720 9 B, AfE TR, A VI, 20
SALHEALDE TN D IR & 725 1 BAGE T L ORI L R ERRBL L, FHTZ 2000,
INETICHRIRH N, COLORBETEOL S RANE b- T, KHEF L%
e L CE 02T 5,

1. IXC®HIT

BT V& W2 SUEEL ORI, 1980 FFEAR DWW < DD (Feldman &
Cavalli-Sforza 1984; Boyd & Richerson 1985; Rogers 1988) %L:Hj%\éf& LT, EHFEETF
TRANZRD SO H 5, RIS, Bl NEZ, DHESZOSBIIRT 5 R E
DI TY, (L ~DELNIEmE Y 20 dH 5, Lﬁ)bfﬁﬁ)%\ WL DD E
ERHERRIRR L, AR A LB L T ORI TRk SN Z 8 b &<, FE
AEAFSEE & Blambt9EE & O MR R LR e 2 LE T 5 EK & 22> TW D ATREEDR &
5o FRZEEZROIL, BERMAENEDO L) REE T, COX OB EZ b > THH
BT NEMIR L TCE g, HBeETIAET 5 2 & T, A% OIS & FE5EF5E
EDIFEEDH Y TZRH L TH D, TORDARETIE, Z< OFHEET VDL
Lo Tna HMET V) &, HE AT T 5, Biibix, BFEn7RE
DRNDT=DITH 7S NDH D, T, EIZ, HEEMIZH G LW O), 12K
TLRESND, ABOSULRIFEITENTLRITEMETH > T, HlliZe X Tk <
ELLDOTIERVDIIHLNTH D, THMET V] 23, EOXIRAMNTED LD
(FEATEN A B Lo ZFiuE, ZhvE TORG %ﬁe@;iﬁﬁﬁ@fﬁ
PINWTEIZODPOMEZND Z LN TE D, AflE, BERE 2B O FEFF7EE 12
F COMGRMFIEO ST ME A B L CTHE | [RRFICHERkOBERIFZEIC ?iiﬁﬁ><>f_jirjf
Zier LCIHLS 28T, A%oME R R 2 HEET 57 0I12F L,



2. HMETIV : BEFEERE o7 R 0

Z Z ClE. FIT Feldmanetal. (1996) |Z X o TR INT-HEHET L AT 5,
HFEDOLL OFHET NMEIT, BEOEZZHIL. ZOETNVOILREZZXHZ &
MTED,

ANHEOFEEITENIA LMD THMETH Y . Thvad ED X O IZHHME L TEIY 4
FDDNE, A RFERDY O D, EImFEO% < TIE, FERR A EETE

(individual learning; IL) & #1252 (social learning; SL) D 2 D230 F THE 2 bH, =
ZCEERTE & X, SR EERN IR W EIRETH Y . A X YT
IR ENZOHITH S, EEFE X, HENHEER SR EEETHD | B
HSCHR e EMZEDORITH D,

HHIE 7 /LTI ERIZ EDO 2FEOFEO 5 b WF I @IRT 5 LIRET D,
AT RIS 2 R A T25E . € OBIRITEERTE LT, thaF B ung 23 A
72%a. COERITHETE LoviToZewn, EEMET AT, HRIZIEE LWIT
5 (Correct; C) & MiiE->7217H) (Wrong; W) O 2 FEEOITE) L FIE LW EARE
T 5, EEFEEITH D —EOMETIE LVTEIZ S L, S 58E 138 Ho@EK
DITANZR L ZOFRERLE LTC W DOELLNOITEN A ST 5, EIRFE I
ZBSICE L, ST EHEKAZRSICE L, ORI, ELWTEIZ7E T 5
R KIETHZETHD,

X H7, HHEWTERIGICEZ 5 HMILEZITo Th ks, W< DO BIEZR
MEEZZEZ D ENTED, £OOE DT, TLERICME Z BT 27200 o5
N, EERFE X GAERIZRY 2250, Thod, b LIEFEEN, 70X AITEAL
TERENOITEN Z BT 2 72100 ThivX, 20 L 5 A 728X, E LV TE 2%
BT ELOMFICRERNEIIC—REZXS, LaL, bLELVTEIZ LTV
TERDELERDN, £ 9 TRVMEARDOAEFRLD bEmnae b, fRE L TERTDIE
LUVMTENZ L CWAEOFEIGIE, @b, b, 7% NTHED %18 A TR
THZEIE, FUVHFLNICEWDELLDERTIRT HZ L EFELCTIEHRY, 704
DZHENEIRA T T 5 Z L id, EZERS T EEOHRNLHENEZ RS, L IR
L2 LR ERELTIELWVTEIZESG T 2 RENEA 20 TH H,
FELERFEO S L ARMMNL, EHPICENTEDREDRIGH, IELWTHE)
L CWDMNTRFT 5,

Fo X ) REICR L, BHEET VITEEL AWM TR, B TEXE 5 %
Do T2 LEDREODIZIE, EEOFE ., B4, FETIZOWT, S HICKRD L9 RRE
<,
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1. FHUTB O E RS (IL/SL) 2T 223, 1TEIZ Db OILH ) HILEE Ly
2. THHIANAEICBWTC—ERT, IL ) SL 2F77 5, TOE. CHrWonTi
DOITENVESEIST 5, SL 2373 25,A10%, BRI S Z 2 2 1 ER
IRAT, TOTRNERET 5, IL 2373 25810%, L5 —E0ME (& xiX
60%) T C %1535,

3. RS & ZORERES LATENOG UC, FEOAETFRN/RET D, EFRIC
JEU T, —EHOFHIZIT BN L 72D,

CCETRETHILICEY EATDO COBEEDE AT I 7 2B THRT S =
EMTEDLLXHITRY, ZTOFER, IL & SLOELLRARIMNIHONT, BxrHT
ZENTE D,

& AR CATEIS, WIZIELWVTEICH D456, € DOITEIOHE ITHIN L >31F 5,
IHEF—RERAZRZ EICEZ N, TOHHEZEET I OIXEETCHDL, LOET L
T, fTEEERITER LR, IELWVITENC 2o BN AEATE I3, /T8 C %
RFT D E DT, Bl OITEN L IXEEARTH D, 70, CRHEZ 2B, C
N SR AT S TiEARVW, CH2 2HHIL. Bi&E-ST-1TEIW 28 - /-
TR G TH D (LD 3. OFSGy), COEENFMARIZIHB N T 70% Th > 72722
5IE. SL¥EEE 2 FF o 7fhiX C 2/ 70% CTHET 5, L, CE2FE Lo
FoM, AXFERDVST UV, ZTORER, HONRKANICRoTZE X, COBEEITT0%LY
ML CW5D, 1781 C OBEEZHMEE 20, IL Tid/e< SL Th 5, 178 C D
FERHEIMT HAEF, SLBIL L0 AF|ERY | KEIIZIT SL-C OfiAEDLERET
DEZFRSTN Z &I 5,

b HITEI, BIHARICB W TR Z ORFROBERIZESG L7ZIELVTEI CTH 726 D
D, WHARIIZBWTIREICE S LR WEIESTZITEITH D, Lo 2N 2
Lo TNEREBEEBLIESZEICLEIILICE o TR BRELZHNIMOEZEL 220,
RS RITHRRITH LWRE CITbndnbTh o, L LSLIZE T, BRE
EENIEKNTH D, RREEZHFOBMROMEKLRS] 2213, LT LA
L S TELVITEIZIRAZ EOBIEL IR 520N L TH D, Lo TRELEINT
FITEED X972 TIE, IL & SLOELLRHFRIE WD BT, & 5 BkE
WHIREE 70D, ZORBEICEZ 2525 2 L, BMET AVMELNZET-DHMT
HoT,

BT ORER L LT, FTRELMMP AT H5AITIE, IL & SL 3 IFT 208
REMKIEICHES 2 EDRHDBNTWD, T72bb, EFFTO—HOMEEKRI IL, 70 OfF
(K3 SL 21T > CWHIRIETH 5, BRELINEIHALEX 5D TRWIED | Btfo
EERNSFESZ X, T X DT Z RS LD ITERTH D, Bt oFRT &
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DAEFE L, HD—EOHEETIE LWVITENZFERDFFRS LN, brHERT AT
DARBENTFE L, T OIRRED AL I R e L 72 B,

BOERFRHT AV BN =B O BLR R WEE X, Eo X 5722 IL & SL OLARIREENFEH LT
EE,EMBERELTORT 53—~ R (ELWTEIZ L TCWDEEROEIS) 12,
RTOMFEENEEFEE L TWDLEDORT 53— R LHELY, VNI LD THD,
TbbH, FEEICEEE &0 PR FEUIINZ T, a8 &0 9 B LR
MEZ NS Db LT, TDOZ LITHEMEERE LTORT 4 —< AR AUD
FHLWE W) Z EEERT S, ZOkERIT Rogers' paradox & FEIZIL TV, /XTF
Ry 7 ZLEFMFEND DD, 2O Z E13FE e T | BEICEE T X 5,
H LB NDZESZ LD (T72bH SL D) ARIESNIL OFF S % ERl5 7 51,
fi & LT SLERERIFHEM L, IL BRI I35, ZHUFERITHE N T, SIELUVMT
I E NS MENLOERIEF LN —KEHRE X TNDE (Tbb
IL) DD END ZETHD, TO/RE. A2 DOITENLT U F LI C W ZRSIT
L VL 2D, T8, B OZESZ EOFFEINED L, ZORE IL #k
WRERE 72D, ZOXIICBEZLE, BHRLOFESEZ LA L IL OAFHE
M—HTDREIT, KENTH-> T, BTHEITEIATEES ZENHMETE D,

3. HETANLORE

HME 7 TBIRROE & 20X 2 2T 208, — F CAMOFEITEOET
v LT ML Z T o TWD ZE b HEFETHD, THETIT, HFFIZE OH
TR Lo T, SEIERBEN2INTET,

NNTE R 2 BERCE I B, L OB 217> T D, HaITGFEN B FEE )
BEZTES, BAIFIVEI L THEELFED (payoff-biased transmission) , L ¥
MR OFRNE N B F O (prestige-biased transmission) . RO E 7.4 L 0 4
MRAJIZEL D A7 0 9% (conformism), ZALH D, £fx RfEEOMLEFE T, £<
DOELEGIFZEIZ - THLY #eoi TV 5 (e.g., Henrich & Boyd 1998; Wakano & Aoki
2007; Nakahashi et al. 2012) , F£7z, ZEfE-CAE MG N T8 O3UBIZ 5 2 D288
ONTH, BHEET /MIZ L > TIFFE S LTV D (e.g., Lehmann et al. 2010; Rendell 2010;
Wakano et al. 2011; Kobayashi & Wakano 2012)

IS b T 7LD OFERATRITEBIAAFE L, T XTEZ TS 5 2 Lid
BEARFRETH D03, FROEFITB W TEAICHFE SN TV D DIE, 17Uk
IETH D, ANHHSIZBIT 5 3UVRETIL, £ THEFEIC Lo TTEIRC I 2 15
L. ZHUCEATEERRZ A TRV ENT LD (D WITH LWRRIZHEA L2 b D)
~NEHR L, ZFOWUBEDPKRERA~EEZON TN, 2k, —HRTIERER
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LAWK D REGRORIER EDNAIREIC R o Tc & X bIVD, BMET LT, T+t
2FELTELOEREETFE THRET D] LV olo BB ARNARAREBTH LT, EHE
722 3t b 2 KRBT E 20, 2 OFBEN 2 UERDOFEE, & 25 WITLDMEROK
TRIBVWR, RT T NAE = (HDHWIZORMOE NE) OifEx & Lz figs b
DEfLE, PR (HHWVTLVHTLWER RO e ME) o agm i botEll
DEWVDRIK T 5 RN B 5, SR UL Z T T LV TRELT 5720121,
FE MG O ATEL (life history strategy) ZWF7ET 2 MENH D, T O K 5 RBEGHE
& LTI, Enquist et al. (2007) . Borenstein et al. (2008) ., Aoki (2010) . Aoki etal. (2012)
RENBH D,

4. BT

AR Tl BME T BT 2 BREAE) Tk 2lERTE Ly E]ofE, £
AT E B 729 Rogers' Paradox [T DWW THERL L7, bk, 13& A D3 btELD
HERHFZEE MBI L2 RS, Wb Z OEROEENIIET —~ & 72> T 5,
A% ORI O FMtEEE 25 L&, E Tl L) REMET VOIREZRT D
ZEOLEETH LN, T THEMEINE (7 T Z =LY ve o A0
DEAR: FE RN OHEAITIES < FERERIFZE] O X 9 BRI 7 m = 7 R TId,
BT D EFEM RN HE LN MR A | BRIt 7 « — RNy 7 L OB
WFFEDRIR 2 R IEIZ T 4 — RNy 735 2 EMROLINTW D, Lo LESEFH
DOHFFEASHT, & <AZHR —SCREIOFREARTRITHEME L L T THRETH 5, £
D=OIZ, ZZTIEEO THALHER L, 2B DA D= X AN T E H 4 &
L7co ARH, UL O BERIFSEE O MR 24P U, [RIRFIC FEZENFIEE 03 BRI 2T
WIZX LT, ZOX D RBERD KT TS, EWOfRfATHEE | £ 2 b ILFEED A
ENDHEEL 2 NITENTH D,

BE IR

Aoki K (2010) Evolution of the social-learner-explorer strategy in an environmentally
heterogeneous two-island model. Evolution 64, 2575-2586.

Aoki K, & Nakahashi N (2008) Evolution of learning in subdivided populations that occupy
environmentally heterogeneous sites. Theoretical Population Biology 74, 356-368.

Aoki K, Wakano JY, & Lehmann L (2012) Evolutionarily stable learning schedules and
cumulative culture in discrete generation models. Theoretical Population Biology 81,
300-309.

13



Borenstein E, Feldman MW, & Aoki K (2008) Evolution of learning in fluctuating
environments: when selection favors both social and exploratory individual learning.
Evolution 62, 586-602.

Boyd R, & Richerson PJ (1985) Culture and the Evolutionary Process. University of Chicago
Press.

Enquist M, Eriksson K, & Ghirlanda S (2007) Critical social learning: a solution to Roger's
paradox of nonadaptive culture. American Anthropologist 109, 727-734.

Feldman MW, Aoki K, & Kumm J (1996) Individual versus social learning: evolutionary
analysis in a fluctuating environment. Anthropological Science 104, 209-232.

Feldman MW, & Cavalli-Sforza LL (1984) Cultural and biological evolutionary processes:
gene-culture disequilibrium. Proceedings of the National Academy of Sciences USA 81,
604-607.

Henrich J (2004) Demography and cultural evolution: how adaptive cultural processes can
produce maladaptive losses--the Tasmanian case. American Antiquity 69, 197-214.

Henrich J, & Boyd R (1998) The evolution of conformist transmission and the emergence of
between-group differences. Evolution and Human Behavior 19, 215-241.

Kobayashi Y, & Aoki K (2012) Innovativeness, population size, and cumulative cultural
evolution. Theoretical Population Biology 82, 38-47.

Kobayashi Y, & Wakano JY (2012) Evolution of social versus individual learning in an
infinite island model. Evolution 66, 1624-1635.

Lehmann L, Feldman MW, & Kaeuffer R (2010) Cumulative cultural dynamics and the
coevolution of cultural innovation and transmission: an ESS model for panmictic and
structured populations. Journal of Evolutionary Biology 23, 2356-2369.

Lehmann L, & Wakano JY (2013) The handaxe and the microscope: individual and social
learning in a multidimensional model of adaptation. Evolution and Human Behavior, in press.
Nakahashi W, Wakano JY, & Henrich J (2012) Adaptive social learning strategies in
temporally and spatially varying environments. Human Nature 23, 386-418.

Rendell L, Fogarty L, & Laland KN (2010) Rogers’ paradox recast and resolved: population
structure and the evolution of social learning strategies. Evolution 64, 534-548.

Rogers AR (1988) Does biology constrain culture? American Anthropologist 90, 819-831.
Wakano JY, & Aoki K (2006) A mixed strategy model for the emergence and intensification
of social learning in a periodically changing natural environment. Theoretical Population
Biology 70, 486-497

Wakano JY, & Aoki K (2007) Do Social Learning and Conformist Bias Coevolve? Henrich
and Boyd Revisited. Theoretical Population Biology 72, 504-512.

14



SACELOEBEET L« ZORNESHDORE

Wakano JY, Kawasaki K, Shigesada N, & Aoki K (2011) Coexistence of individual and social

learners during range-expansion. Theoretical Population Biology 80, 132-140.

A perspective on models of cultural evolution

Joe Yuichiro Wakano

Meiji University

Abstract: Many theoretical works using mathematical models or computer simulations have
been performed. Although these studies have revealed some important achievements in
theoretical aspects of cultural evolution, they are described in mathematics and are not
necessarily easily accessible to all empirical researchers. To facilitate more collaboration,
here we verbally, without equations, review the simplest type of models of cultural evolution
to introduce the common motivations and questions among theoretical researchers in this field.
Then we review the assumptions of the simplest type of models in detail. This reviewing
process might serve to clarify motivations or interests which have been considered as

important by empirical researchers but never modeled by theoretical researchers.
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AZFEE BFZETE H BO1 2012 AR FEAF R &

T7YVHZBITFAIFRE - B ZAD
Ak & JEBZ DO\ T

ARt 5w
B BR K 27 A SR 2 S e HE R

0. =

RE-YEZARNT 7Y BITERFRTHZ LITE0RNE D DR NWEFELE LTEE
N5, T AT AWML TT 7 U B TEEN ILE STV 72D D,
= v N IZBWTC R E YV ET U ANKT VT ILH— )L &> Thib o 7= LLRIIC
BEOLGLLT 7V IOKFMIZENTH, TNETWZ ANFHERE - ‘H‘EI/Xk@FEﬁ\—
TR INTF HNn-THAH, T LT, TOR, BRAFTEIR I ED X 5
ICHB L, ARESNTZDOD, RE - P AREEREEEN 2 b OICE - il
PEAHT-DI0E, 2D X9 RMWVICEZ TW MENH 5, ITED T ) LD H

Tix, fifs I%E’Jfﬁﬁkiloﬁﬁﬁﬁ ANHT 7V ANTIEBMUIILS, Z20% bHE
MBI CHMEICRM L TE 2B 265, S 6T, MO FHBARNICEBIT 5 H
IRIBIROIEIFZ BT D & WL ORI 53 28 EIcd 5 Z & bR
ENTWD, BUCAITEIR UL DRHE & & HICFEENICE T BB FERN L
DEINTIREST=DED Z LN, FEHENEILOMEMS BEL 257259,

1. #%

il

A B NFE (GRE - 3= > & Homo sapiens) O HBLIE, BIEDOAAFEILA
AT E AT, K 1520 HERTNCHM S EF 2 5T 5  (White et al. 2003), T4l
%, BE - BT AR FRRHE BN TR TH Y | 2oL EHBENEDD
DOETORBEREIZH A TWEnE o2 nixbnbin, AE - e X3, e

Z (HEDE) T2 TH L @mERAMELZ WO LD TH A 9 ),

Mg, HRNEOIPEIZOW T LA B DRI CX i), BB HHE
W2 Z L1725, BAiL-CRE 7 SV 2 BURITEI O HBLIZ DWW T, DR
fRITEBLELTHY, 25 THEL BWVEIND 5 THEL BWOETE TOMICHRA IZHNT-
& SNDWETSC, 7 TH L DWEID DRI & SN REEGRAE X HL T
% (Klein 2009; McBrearty & Brooks 2000), L72>L72285, 7= & 2 BURAYTEI O HEL
I OW T O~ RN G LN LTH, RT VT IILE — Ll HBNT-ITE &
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I B NTE S = ZOBRATEIN, K- L TEBHZREWICERT 25 D7
DTG 7R\, £z, BEBIREDRH -T2 LT, 20H & THAWITENTE
RMITHTZE SN, Ve b, FA LT TRHSTEDD LW T BRI MRE S
7R\, ZTO XD BREMIZEZ D7-DIiF, RNV, P RO EERAEBTE
RE BT 5 BV E RS, T OEERIZOWTY ) Mgt bHEE 5 K 0 il
720N,

BAEDT ) MEMOMAIZL Y, 2T TN —L P Em o AOMIEIE. 30-40
TR @I B oI Uz EHEE S AU TCu 5 (Green et al. 2010), % DEED AJH
E, RE - ANAT AT X LT, FEOV D ZROMBLUIEOHOZ L
Thd, TE. T 7V HICBFDEINANAT NIV 2 AP B A~DO KRBT
— K ED LT S T=DFE 5 H o, BT R TR 72 FF I SoRE ) A3 andaf | AL
LizaEz5 LT, ZOBRBZZRL-ELEETHDL, EWVIHIDEF, RT TV
H—L b 2RO AR FEBESI AP L Tz &V 9 RGN IE
LWETIUX, VP ROFAENSG T 7 U D TORBEIOBRETAELZLDOTHD
TN ETH D, KFEZTHE, i) 77V HIBIT 2B ZOIEHIZ DWW T
D7) DFFEO R EFREICOW T U7z BT, i) Hffiaxh3 2 BIRSRIRA 7 A
\ZHB A B 2 D ATREMEIC DWW TRRET L7E R R IOV TR~ %,

2. 77V BT ZI L ZAOIEBUIZOWVTD ST ) AFFEEOMR & R E

T 7V BBV TERE - NATIAJLT U AN Y B A~ RS 5T
BWT, ONDOEMMBEH 5, F—08MIZ, Y EZ U ART 7 U B0 E Ttk
L7=DObBHT7 7V el 2B W T JABEICFEELZTH A 9 A T X
WA AEM E AR TICE L T o 7=00, Tive b, AR LN BRI L T
WoTmDONENWHIZ ETHD (K1A), T LT, FE_okfME L TEEROIL, 8
K EE LIS, YT U R E L CORERFEEEN & & Tokk 2 72 RFIL £ ORF
BCTERINZONEVIMNWTH D, T LT, LR >08RMICHLBEEST 8 =0
BERIE, EO XD RBIRENMHNTWZDNENS D TH D,

P ZADT 7Y TOIEBOBRIRICOWTH D T-DI21T, BUSADF ) LA ikt
THZEDNENTHD, LLENRL, 77U TOIEIZBWT, BRE - ATV
ARYV Y A TR B NIEEE & BEE & D UM LT o TR IZ oW TIE, BUAE
DEZAHARSHARLNTEL T, A%OMETH 5, BUEE TDF / LTI L D50
AT, M7 7V oad R EZRDSOERD I X2 10 TERNS G2
EL S TERILBRICHT 7 0 27 7 U ANTOBEINH 7= &, b7 7 U Bidik
=TT PO DOWBEN ST Z LR ENRMLILTWDER, P ZAOEPEN E
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T 7Y HIZEBTAHRE - B 20 L HEEIC W T

ZTHoT-OMNIEIRE L CEERTH 5 (Gronau et al. 2011; Schlebusch et al. 2012), 5
THAFRILARRICE M BB N H o722 & T 7 7 U ANOERHZ FFET 2 DO EE LW
WHE, B2V T, T L2 LEFEHII—DANCRBES NS L OTIEHRL ., @wmTd I en
BEIRZ 72 S 72 WIRRBIZ B 2 O b AL,

P EZ U ADMENTFERR I A BT R E R EE R WO Lo b v ) REIC D
WTHR L TBETLWZ LT, RRE R HBRERITOLESDTHD LIFRLT, 20D
R b= AR TR Z 72 EITRL 20N En ) S Thd (K1B), &5
WICE 2L mERMEZH S AR T P ZAOEMNICEE L TWALE S 0,
SF Y EHNO—FICEE R MM EZ S OB FEET I, o NEEM IS LA
Rl 7poladb LVRWDTH D, @R HMEOBSRNIX 325 7 7 A58 6 O
T7u—Fk, T DFET L BREBIROEMARERTHZETHY, ED Lo
BTN EORIICHARERREZ T CEnEHEETHZENTE S, ZNLETIT,
BAENBORT VT NE =D ) BT — B NG R T TV —)v L plikic e
T RTBWTREMMEIZEE D 5 O OBE I28BI1T 28 BIC ARSI M- 2
ENIREINTUVWD (Greenetal,2010), F7=. BACAIITEISTREEAIZHEAR L 7= K &
7T HAERTURE L T 5725613, FHUIEH o AN OEMITE S L THhE &
WO ZEIT B, FEBRIZT 7 U I OBAENFEMBIZISW T, MR EICED S
HBOBENRKRES AT DHZ R ELHE S TEDY (Schlebusch et al., 2012) |
P ANTEEITHEERZN H L FREEDL BETE R, LR b, KR
(ZFEBEINCREN e B % 5 2 WA RZRFET H 12D, 5% OB R B
M DMERR Z R B, EHIT, BUED & ZAHEMMZRRRA L H 5 Z &)
5. SO T LA 7 A= E N5,

EE R EH BRI OEALIZTEB N T, ED L) BRI EXB TV A RIS VDY
THZLIIfEELR L) THLY, &V Dk, Tk, mERSEEN 2 S 815
T (P R) EE)TRVE (RT T AZ—)L) EOMIZED X D 7ENR
fFEL IDNELDF| E &I/ TehERET D Z LI b2 O ThHDH, Z LT,
BEIREEENI N ED X O IR T THEAL LIS D O R fRE BT 72 D12 1E, BRI
K OWGEENMETH A 5, BRELAEOEREEIX, FEHEHOERICED K 5 s
ERIELTZTH A D0, SERFEREDOENIZ, BRIV OBRETHATE 5
D, Five b, BELNIVOBBRNEEZEBEZ DM ERHLONE NS ZELEE LD
BN, BETHLEAICIE, S SIS HENFIATECH T8 s E 252 & T
FLOTHEZ L ADEDF A FT I RLEHMMTE DI LITRDIES D, I
IZ BRI R L > CH b SND TRINEBRD 7 ) AT —2 EAET 5 2 & Z R
TOMEND D,

bR L7ZE 91, 77U BIZBITFLHH v 2D & IEEBICHOW TREHT N & 3
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BT TH D, SHOMET, OEOTHEL ORBEEZMFR L, = AMNE
7R B RE ) A R T D IS E S LRI OV T OEMAMRE N L THE W,

3. BT 2 BRBIRNY ) MIEEL 5 2 HARENE

3.1 HROEE

1B FE 72 SRR RE TR BRI E M MB) O TUOGUIIE IR —F7 & W 9 2 B TF DOIE R
FED (X 2A), HH OBRBIR THIVUL, B OREN L SOITRINEZ 21T
B FEROENRINTZ T THY . 7 DERIROSEMIC BN ST ST,
LU S| SR DEERENIEF I 72 72D X 5 72880 HAREIR MBI < A1
X, R bRy 7R EFRRICYT ) A BERO SR ERNEND, -, EHFO
AFEMEBENFIFFCFEET D L 9 RBAICRB VT H, O & DDOBIG IV 72 B EREIR
IS ) DEARD SRR LGS (M 2B), 2Tk, mEREbE LTOBKRA
FATEN DS TEBR N 2 BEHA S | AR i 7o 2B RE ) 2 M 15 U 7= el & 13 BER 22 < i
Tl LT, 7 DB DINDTEA D D FEWEFERNTE ST 7 0 W TR
7 DSERIMEIC R s KFE T BRI DWW TE X TAHA L I,

SACRCE T ) DT BE B2 DAL LTEZLND DX, b &8s ot
HBAENEETWNWDHEETH D, HilxlE, o3k & T LB TR E S - -
ERERE 72D X956 & A EINORBEZ8 5 BE T Z S > TR T 0
EZTELHAETHD, £ Lo L 912 EHOFEEREN BT 2 X 5 A1,
ZRRSUELEATCE < BIREIR TH > THIFEEE T, 7/ AR D SR BT 5,

I, BFEOHSHEED T T, b EBIETFRE bICEELES, RTEFER
ZNZEBIT D mDNA RKFTEE-SICHBIT D Y RaEknE)> Ths, L, HIIK
DO ET B D WIERN LIRS B0 5 UERHEIN THIUX, (SIS 2D 6T,
Y Ytk 5% mtDNA & HRET 5725 5, AR TR, BN EICR D &
T~EREIND ERE LT BT, SEHOHEMNS Y YR D ZRRMEIC T 352
DNTEZ D,

32 FE:
B TR — iR OB L 2T DY ROEIS 013,

0=(1-p)5 — =1

— (1) (Maynard Smith & Haigh 1974)
=01 py + po(1+5)

HoHWE, e LT
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T 7Y HIZEBTAHRE - B 20 L HEEIC W T

0= exp[— L in(Ne - 1)} (Durrett & Schweinsberg 2004)

N

THzZbND (X3), 22T, r T E, s (RIRER. Ne ITEMF oYK
B, po IZERBIREZZ -7 VLOWMMEE (7205 1Ne) &5,

AWFETIE, Y7 F 7 =7 msms T, a7 bty FEGRIZESWza B a
— X alb—varE{Tolz, msms ClLEfE TR OMIZ 28 ATDHZ ENT
XHN, T TITHIZ 2 Y etk & Eifr & ofi z . T b BRI OBILS O
ERN D HE 2250 & (Fifffofiaf) LTI It ed5, YIalb—va T
FULOMELR 4AITTRT, VI 2ab—3 g THWE AT A—21F, EHT OB
(Y Yetofk) O Nm (=4500 N) | EIfr#s#sE » (=0,0.01,0.1,0.5) | ERRE s
(=0.01, 0.1, 1, 10) I L O O [ E LR T(40000, 50000, 60000, 70000, 80000 4-Hif)
Thbd, TZTEH2SEMNE LTz, 7 DOSERMEITIERESERE » TRHM L 7=,
TNENDOT I 2 —aryOfiRIE, B3 (s =0) ThdHEEDrxk 1 LT
ORI 7 DfEE LTHE LT,

33 HR

S B r #E#sH-Lx0RKREROEEIL, X (1) ZHWT, 4B DL
INCHEHT B LN TE D, HIfEEA 2V (r=0) BA, HIFOEE%., £-HF O
Y RIS RICRIN R E2Z 52 &2 r DEEDITLEN-T, Q 13
VI D, oo s B ERTDHICONT, Q 3EINT 5,

a7ty hrIalb—a CVORER, X r OMEIZK 4C DX I 1T o7, ¢
25 0.01 FLEE & FEFITMRLS . Ho s 23 0.1-1 EEmWga . st 7 OfEIX 0.5 < H W0 E
TENRDLZ ENGn5d,

34 BE

BA NEARIZEB VT, mtDNA 9% DNA & Bl L€, Y YR 23RV -
EDRHEINTVWD, ZOHEMEE LT, 1) B rRHOfMREREECL S, 2) Bk
DEBEFERINRDOIE L &I LD, 3) BHOBEMEICL D, 4) Y RAKISEV - AR
BIUCL D, E Vot EODRGERNEZ HAL5  (Jobling & Tyler-Smith 2003;
Thomson et al. 2000; Wilder et al. 2004) , & L T, AWFZEDOFER., WH (HDHWIIR T
BUE) DO ET~OHMNBED F T, Y RaRICEREBRRIRD @< &b,
WHTIN T HARBRIR T Y YR DO ZERMEN D95 Z L&z, o0, BR
@B -8R % | Y Y RO ZRRMEN Y BE N O IR SN2 B D L0 H/)
SN EEMHATIRHOOESDE LTMAD I ENTED, LLansb, Y Pt
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BROLENMEDRRAD L TWAEOHRHZRET 5 2 L1, B TIEEL W,

BREIE N RIRD D -T2 2 L 2R T 12O, S ORDFREDMEE LT
A9, BIZIE, K5 THERIOV B A 358E e R G EEAESTH-TenE D0, F
7oy ZDZ AN OIRZITHED B~ AR S T2y, ZAUTHOWTIL, BUAEOFE
BEROHENBEBIZRD0H LR, £, KIBICHEIGEZ LA IS 58\NH
STETHIX, EOXIRLDTHSTIEAI D, 5%, BEHFOMAR ELREE
LRE, ZNHOMWCEZ T BERDH D,

BIT, BUANEICBWTIEFEITE L 0 THEL ERD (2400 LZ Y Yt fk o %Hk
DT 7V D REMMNS IO -o7- (Mendezetal., 2013) . Z DX 9722 Y Yefafkds%
i, Y207 7Y I COIHUBRICAE S 2ERE b7 BN, 45
%, HOPLAREMEOF NG, S A, mDNA, Y JBfRE NIV T@iEE
END M ERD LS<HHTLV TV A E2EZ OO BERHDLIEA I,

4. %&

=11}
hu

A=y N ICBTLRT VT NAE— IV ES B ADORBER G D NI ET R
IZB D FEENEICEEZD ET. T 7 U DIIBIT DY AOJEEGR R X IE R
ICEETH S, BURABITEINRE DB FICBIT 2 EILOEN TH L 0N, £k
b, T E L ULOZEENIER W RTHLI O, WThicE L, ZOE 2 2R E
T DI, FexBAEANFBLIOERANEOS ) 22 BWTHLIZZRWEAS 5, 414
DOWFFET, e AL EIBICET A2 E b LW F U A%, 7 AT —HZIC
SN TEBIZHRFEL TO\ IR 5720,
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A B

Homo
heidelbergensis

Khoe-San div.: ~100KYA

Homo sapiens

. South West Central East .
7 :sapiensf:32RAER (Khoe-San)  Africa Europe Asia

Bl1. HAE-HEZZDOER. (A) 77U HTBOTKRE « A TANLT U ANGRE -
P T ANE T AW T, RE - TR RERERNNL Onbh Y, FRERF
WCEEL W o eEZ DN, ZOT 7 U BB DRBEIT, SHONA T AL T A
HITY o AEFICER SN0, The bRRENTZDEAH D (B) VP EZ U RAICE
W 5-10 TEOMICBMRRATEIORBESBIZINS. UL, &F - = ZAOEHM O
DB THD. TiE, TORRBATEIZ XA 5450 (BER) FEEDOEMITNOEZ 72
DToHAH DN
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Selective sweep

BEOBAER RIEDEL FEhErER
+ELEROSE (FFERE)

+ BAEIR
or B S
7/ LEiE
DEEE RELGL L i

2. BAREIRNT ) AZERMEICE 2 D228 (A) ZERERITIED HIRERNDME) < & BIRA—H
(selective sweep) & L CJELESNCZ DEBAES. (B) FEDSME T T, ARERNRY ) L
BIRDO LRI B E RIE LSS,

A B
e — 09 e R i

B0y - 208

gxdam $%a "

allaE |\ FREH (5 =0.01 sem

$88 i

3 g3 0 IR =05
%”‘3% o ﬁiegé o AFmAE (r)/
! []

] 0.002 0.004 0.006 0.008 0.01 0.001 0.01 01 1 10 100

HHHMAE (1) <RAZRH S DR BIRFRE (s)

IRERDYIASAR: p, = 1/18000
SEEAPOREE: Nc=18000

3. BIRAY—FF (selective sweep) DI . (A) MLz F L ORELR. (B) BIRMRELE DRELR.
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On the evolution and dispersals of Homo sapiens in Africa

Ryosuke Kimura
Transdisciplinary Research Organization for Subtropical and Island Studies,
University of the Ryukyus

Abstract: It is generally accepted that Homo sapiens originated in Africa. Then, how did
Homo sapiens arise and disperse in Africa? It is probable that Homo sapiens replaced and
assimilated other hominins in Africa as well as Neanderthals in Eurasia. During this period,
how did modern behaviors and cultures develop? It is essential to answer these questions
for further understanding of the evolutionary process of learning ability of Homo sapiens.
Recent genomic studies have revealed that anatomically modern humans started their
dispersals within Africa about 100K years ago, and then experienced admixtures between
populations. Scans of signatures of positive selection in early modern humans have
identified several candidate regions that are associated with neuronal function. It is
important to know how these genetic variants, as well as modern behaviors and cultures, were
transmitted. This will provide a clue to solve the mystery about the evolution of human

learning ability.
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WHEEND, BEFHRHLC UL, RT T VE — O AL B A ZRRE R
DOETTFEE LI E A B L0 5T, AAT U T USULOR], i3y raey
WA E WAz a2 BV HtlT 7o, VD7 v URABZBYWET 2 DIFIEFICH L, B
ZHLAERNTO hL—=0 IIRUETh o2t EZ2 N5, (o T, AATIUT X
(LD FTRETS S T DI AR T VT AH — N DB E IR E] 1 DT Th D L& 2 5
N5, LISLIEIRRZ, 2T T V2 —E 27 TAEIZ Bl biz o TH LW A st & £ 4
& 7eho 72 (Diamond, 1991), ZiUX, %56 DENFEHENIMED -T2 2 & Zomie+
Ho ZAUIXKTL, FE - YEZ U RAOHHIIE ERDA M=V =D, PETZU R
ZRHEAHT 2 OIXBFETH 0 e RS RHICEB LT 53k TH 5, “HIEAERRR (5
JAER~1 TR 12iE, B e asMeis Uy T aaXn=7r A—UF T &)
MIRNBIR~EBINTZ, ZOXIRTENRARETHSTEV D T &K, e 20tt
DEFEGE) LT GBI BB T E bR oTe WS T EEERT HIITThH
Do

LU 6, FREO K9 b2 @80 & 9 MIRWIZERTh 5, 1T, F’x
(TS E v ARFE & S TENFEE OB OMWE A R L TR0 O TR
EEZ D, TATHZEIZBWTT, 25 8IIEME VW) B—0fEic kv FEsh b &
HFITZZONTWDD, ARFEEZRET 2T o 5 — TR & AliEE
ThD, FATHIE CITE TR & AEME & W ) FEEIXI AN 2 TRERIE TRHWLWO LT
oD, BAIZINOHIIDT THOIRETHDLEEZD, U EDZ Ennn, Froxid 3 FtH
DOFEEESIOMOBREE 2 ZMENRHTL 203, FHikTr — & THEEO R 55867
WORREZ R LIFRIZ N ETIZE AL RN,

INBHD 3 OOBERITEA TR BB W TR A RERZ 72 SN TWDHM™, 22T
F3Fx DIFEERLEBRNTEZ 9, T, BHUIME OITEN 2B 5 2 LI X VT
RATEVZ G T2 6 ThHDL EERT D, BllkoplE LT, T, BEE, HBEREHZE
DFEIR EWNZET BID, BT Z BT D002 D0 TE, MHEFEFTENR D I
S>XY LEGEVBGIET D, HRE « Y AL OFE THIIKEE 1 2 FF > b O BF(ET
HZEHHMBINTND,
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FFEHOBERIZOW T LT <, JlE SN A T I BB IhD,
T3, FEOEFUTOWTIL, 1 23E, 0 3R ER->TEY | HERREWIREEINE
WEWH Z EEERT D, RIS, BB T E TR ESC L2 R fREIC o0 T,
HIBRISF 2> & TC DO ZEE D EZ 22 Lo\, BIHIR D IGRIICARL LTz, Ko T, IIY
BENRENEREDDEN EEEWRT 5,

BREMEZRIET 22 ENFE 2 FRICBWURLEETH L7720, FTARERORED
MOBMRZE R LTz, A B AR DRI > T2 b A VT < OFHBIRE % &
RLIZEZA, Vo UiiEE ay Y 7 EOMICIEOFBEN R SN2, Z 0o
MNIXIE & A EHBEINR R SN2 - 72 (Table 1), ZAU, FEET HREOM CIIAEBIA
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Table 1. BIEMEDFEAEDM D A 7 < > ORI BRI

Cattell Vo7 Uy Yy wayyy N /4 BEK
(IER2) (D)) (IER2) (D)) (IERR) (v ) (IFRR)
NS4
.088 - - - - - - -
(IF7R)
Vo
156 - - - - - - -
(F% v KD
=Ry /4
.072 .345%* .000 - - - - -
(IF7R)
a7y
-.180 118 -.150 - - - - -
(F% v BRED)
N
-.073 170 120 -.043 124 - - -
(IERR)
N
-077 -.105 .185 .180 -.087 -.190 - -
R )
EER
228 -.021 .170 -116 .018 -.017 -.052 -
(IF78)
EER
-203  -.107 .058 -.083 118 -.052 .130 -.290+
(B v WD)

+ p<.10, * p<.05, ** p<.01, *** p<.001

WRIZ, FERFERIZOWTHRET 2, £, AlENE & BB OB OBRIZOWTIL, 59
WIEDRRN 1 v Y 7 388 & iE O E OB/ S/ (Table 2), BERIZIT Z OFE R
I35 1 EROFERZHILL TV 5, RIS, BRI TR L B OB ORISR EMET LIz & 2 A,
%1 FZBROGA LR 52 FRIZBWTHRERITR O o7z (Table 3), HfkiZ,
AATEERA L AEMEO B ORI ARFT LTZ & 2 A RO/ — IR T H o 7228,
A TEERR L AEMEONTIIERVIEDBIRN B D Z & Z/RIE L Tz (Tabled), Z Ot R
IE, BATEERR L AREMEOMICEVADRBRNR S D Z L AR LTV 1 EBROFER &
(FH 72> TV D, 2 A RO 1R B ORGED RUOME E Cattell O CFIT DA 27 2055 <
0wy EE RS ZENTE W, Fi2, a4 VEEO 2 B OGENBEWIT L,
Vv T Z R T2 OIS B R B N D o 7=,
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Table 2. A& & BHHOE DA T~ - OFHBIRE.

FEafik TR DR IR D
A& (1E78) (5% V) R5RE)
Cattell .041 297+
V7 (IER) -.006 215
U7 (B0 REHE) .057 -.295
avyY s (IEiR) 225+ 187
nyy 7 (Y KRH) 493* 233
N7 v (IFFR) 173 -162
N7 w7 (%D RF#E]) -.091 -.010
HEER (IERR) 201 - 707%**
ek (F% 0 IKe) 157 .083

+ p<.10, * p<.05, ** p<.01, *** p<.001

Table 3. FRATHERA & BULDOF D A T ~ o OFHEENREL.

T IR O SO
A TR (IERR) (5% 0 KR§R)
oA URFET (ERR) 064 171
aAf URREL (2 A ESR) 085 215
a4 URE2 (ERR) .065 102
oA R 2 (a1 S -.120 -.080

+ p<.10, * p<.05, ** p<.01, *** p<.001
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Table 4. Al&EME & FATERRDH D A 7~ - OFHBIRE.

A TR oA UREL oA R oA UE2 a4 R 2
A& (i) (21 R (IE3%) (21 R
Cattell .198 218+ 215+ -.093
Uo7 (IER8) 140 155 216+ 173
V7 (B0 REHE) 242 010 330 518%*
ayYs (IFiR) 209 270* 179 -.030
ny Y7 (GROEHE) 342 -.396+ 223 196

NZ v s (IERR) 226+ 144 178 121
7w (FROEE) .104 137 016 -.040
HEER (IERR) -.015 -133 -.078 192
R (7% 0 RER) 231+ .198 -.056 -.162

+ p<.10, * p<.05, ** p<.01, *** p<.001

%I, ZEHARREEINCOW T ORI RERET D, ZEMFEAEES &2 WE T D IREEH O
FBSIIIETIEF I m < AR W Sl S s, IEOIFBVEORGRE & OFICIE
EDIETHIZE A ERRMB R B2 -T2 (Table 5), T€- T, 5 1 EBRIZIIT HELE
RES L ARk, o 2 EBRICIR W T 3O AERES) & IXERIR RN 3B 2 52 T
Tz &S ATREVEIIAR E S vz,

Table 5. ZEIANTEAES) & BURDHI D A &7 <~ > OFABIFREL.

ZE M RE PAan HAan AVAYSZEN AVAYSZLN
FEEf (IERR) (5% 0 IR§fH)) (IERR) (5% 0 R§D)
HIE O (1IEFR) 191 101 147 257+
FREOHE (5% D FFHE]) 171 .084 .008 113

+ p<.10, * p<.05, ** p<.01, *** p<.001
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WEAREE DS 1 32k & SO 2 EROFER BTG 2 2 & T, W< 200
TEWTRBEND, £9. AlEM EEHOMIITIEORMRNH D . BRI TR & Y]
(ZIEBIRDMFAE Lsun e b, Lo, AldEE & T8RO O BIRIZ DUV TIEH
fe/ohtama T 2 EIXTERY, ZNOHORRIE. EAFE EHSFH X ML — 47
BIRICH D DI TITRNWZ EZER L TW5, AlEN 2 Ax 13 EHsS E oo Th s,
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AL, IEMER A & BRR BN A S o DA — PRRE S HuE
B 72258 & B SR Ll A R TZ IB W TIEESSHIIZ 72 5 &0 9 8 LW ERZRAY 320E
(e.g., Aoki, 2010) Z NS KFFTHHDOTH D, VBT U A FEWEYEE TN Z T
WLV OANEMEZ S L2200 T T2 =)L X DG o 720t LvZeuy,
L, 2D —o0FEBRMNOiERE T ORRM R TH 5, b KSR,
FEERBNNE B AEE R FZOFBEI RSN TNWDETH D, TD=D, BIME DML
15T D84 R DS E, AT - PR T B AL, BRAE WD FHEMEE 2
L ThH, 2RO LD L RIEITNS VORI TH D, - T. BIE ORHED /3
MREL DI TN T =2 EWNETDHZ ERRENICEETHD, £z,
IHNETORRITHAN LN DEOBEOME BT L WD AEELH D, Znbo
MREZ CTX D7 TMET D72, 2012 FFFEIT I 3 A TE LT\ b, Afaofiiy)
IZIZRNZED72VA, Web ET20 0005 60 R FE TORAEE FRITHE 3 Eirz1T 9 5
HHEIT L TRV, ZOMEN ERROBEEN ek & — B9 U, 3 FEEOE M
DERIZHONTIR A ITRMEIIHE R E T T 2N TEHTHA D,
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Are creative people better imitators?

Nobuyuki Takahashi
Graduate School of Letters
and
Center for Experimental Research in Social Sciences
Hokkaido University

Abstract: Homo sapiens is a species whose behaviors are determined heavily by learning.
Typically, research on learning has assumed implicitly a dichotomy between individual learning
and social learning, and examined under what conditions each type of learning ability can be
adaptive. These previous studies have two problems, however.  First, there is little empirical
data on the relationship between individual learning and social learning among humans.  Second,
they assume that social learning is usually represented by the single ability of imitation, while
individual learning is represented by either trial-and-error or creativity, although these two abilities
are quite different from each other. Therefore, the current study investigated the relationships
between these three major human learning abilities for the first time. The results of the second
experiment conducted in 2012 showed that there is a positive relationship between creativity and
imitation, and there is no relationship between trial-and-error and imitation. The relationship
between creativity and trial-and-error remains ambiguous. These results suggest that there is no
trade-oft between individual learning and social learning.  Thus, it partly supports a new
theoretical argument that social learner explorer, who combines accurate social learning with
exploratory individual learning, is most adaptive under certain fluctuating environments (Aoki
2010).
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1. R

BN (Homo sapiens) 737 7V t%. SN (H. neanderthalensis) O EIHIZ1E &
B> T-RZRBENI ED X 5 BRFERTE Z o 7200 13> Tipn, BB %5 2
LB, M OEFFRIRENDS EORREERE L T-O), IFHREHEIH L T Z &1, of
TEDMERRIZENT & 725, BB TR OEWTESEVIRE S EET DL, X T T
B =) EERANOBEFEINIETZRONATEY | KB —F ST ITIRL 4y
L TWERT T N — )V NDAESHI RS R T 2 IIIRE#ECh 5,

& 2 CHAIFBRAERAD S ) DEFNFIAAET D, HRAERANT 1 & 1 7% FIH]
THILaER, (k. InTusA7) LIX0LHOEERS L5 R TLUUTH
W5, )

HRANERANT B A7 EE, BURANOHT 7 U LB DO ZHIERDOES, =—F 27T
TORFEERANEDRIMIZE Y, BIRAFITHRA LT EE X bNHNTa & A T T,
ZD7sH, HRIENIIRD X 5 AR T 5 B2 65,

(1) BHIPEESMhoNT v 2 A 7 L g UTHE TV D, I8 6d, B
TG A TP RERT T AZZTGRL LR,

(2) BURAERP OZEMP AR A TANTERS, 77 VA XD 2—F 7L< A7
FELTWD, I HIT, HERAYIAKIH TEIZE S0 DRSNS AR L L Ty,

HRANERNT T XA TRFET D EiE, RN EBBERS ) AESVAFRLETL Y |
WL ODDT ) MEIETTH LT, & ZARENSITH B ROAES & bl &
T heholz, £, ENEIERIOBCAESNT— % ZHWTE Y | t—rIZFHib
ST otz

Z 2T, AT, BEROME THRABRKREMEZZ bND 6 "TrF A7 (&
1) IZ2WTC, ZOHRZMEIZT L2, BROERT ) AL~V TOHRARRNT R
ZA TIRHAEERZRET HZ L2 HRYE LT,

ZDTDIT, BUCA 14 £ X VD Siiz 1092 BIRD AT ) BT — 2 e LABI L
TV % 1000 Genomes Project @ phase 1 77— % Z T, BEREICAHRNT 7 ¥ A 76 fi%
fCBIT 5, BIRAEH TOFERARZ ORI,
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21 BE@ANTuZ A TEROYT ) DEIEE

AHFZE TR A el U7 BER G A Sk~ T 1 2 A 7 Effiidsk 1 0@ Thob, i
ZNOWETHRAESRNT 0 X A T D5 7 MIERS L O RAERANT T & 1 T H3E
BN > TWAERIZEET oA L, & M5/ A assembly 2 GRCh37/hgl9 |ZC
FHLT-,

F 1. ol LB N SRAN T 1 2 A T A

NTa
AWFFECO D gkA AT SR
Xpll hX Xpll22 hX (Shimada et al. 2007)
MCPHI1 D MCPH1 D (Evans et al. 20006)
(Garrigan et al. 2005; Cox et al.
RRM2P4 A RRM2P4 A 2008)

(Labuda et al. 2000; Zietkiewicz
etal. 2003; Yotova et al. 2011)
(Hardy et al. 2005; Stefansson
et al. 2005)

HLA-B B*73 HLA-B  B*73 (Abi-Rached et al. 2011)

dys44 B006 DMD B006

17q2linv H2 1721  H2

22 BRAFJ 25 —4# 1000 Genomes DFI|F

BURANENS ) LKL 22 =7k 1000 Genomes Project & 13, JT4- D #TALE SRS
IEBIRZENT ABUELDZ < DN ZNEIUTDONT, &7/ LRGN ERE T 2 EFR
W7mryes NCThd, BMIITITHRD 25 £ HRED 2500 AHFHLOMEN S/ 2% iR
FLABT A TETH D, BIEOE Z A, 144EM0 55 1092 A (phase 1) /3DT—4
DAB SV TWAERETH D (The 1000 Genomes Project Consortium 2012) , AHFSE CIIBk
WA AN T B2 A THEMBEENTND 6 F, 8%, 17F. X ORYIRDLAIE
% 1000 Genome Project D73 —2~X—37 (http://1000genomes.org) L0 Z# 7 m— R,
FEATIZ AV,

2.3 EGIREEIROEZ & 1000 Genomes BR3E

BEHE AN HSRANT 0 2 A T D5 ) AT ENOHIIEOR AT & 0 EHERITE
OONIZLDTH D, BERNT v X2 A TRIZISER 2 2 &3, B DUk
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REREIS R o EN 2 T2 L TV DA, ifM Vi 8 < fElRMr %, £ 2T

AMFFE TITEHD TR S NTEEDN T AFEE RIS 2720, HRARRANT =

Z A TINRERINTRF > T D AR & 5y ORI T B S DA ET 2 il 2 bFFext

G ) MEIEE U=, ED7=DIZ, 1000 Genomes 7 — Z (B W TENZENOEHIE Ak

NTF 0B A TRERIIER L O 7 EHEREOICHRE LT, <08 2R TR ROTF(ET HHiH
(HRAHRANT 1 & 1 7LD i) 2L Ofreis & L,

24 BEiFIELE:

1000 Genomes ' & 0 it SV EARAHSRANT R & A 7L ZOMOBRANT 1 X
A7 ERANT AT IBITHEE LTHENEDONT 0 ¥ A Tz T 5720,
RO LN BRI BN TRANZ B LIz, BURAANT m XA 7O E LT, 1000
Genomes 7 —X LV 6 Tk AT aT 7 DRENIE GENDE A NT X AT L
=TT REMIIEZ GEND T B HA TINEEND L OIGEATE, ZOBRENE
MO T, EONRREE) SNP & DEdidd SNP A F DRI HOW TR R Z 55
L., ZOBILTH reference genome FiFIF6 KL TN, reference (I VB 74 3 flfia 7
TV AFRE =TT REROB G NG END L OITEATE, o, HRAHERANAT 2
A TEFIB L, HRAHERANT B Z A 28 <, LD reference Y allele 73:8¢ L 72
WY 10 # A UL B 23551213, 208 FHEZ b HOEIEDOFNE S 51T 1 {#
REBIN L TERAT,

HRAESINZDONWTIL, 2T T Z—)L« 7 ) I (Greenetal. 2010) LT =Y N« A
/2 (Meyeretal. 2012) 23FIHATRETH D, 7=V /N« 7 ) LT—AS{ DNA ZFIH L7z
BHANIZ LV EEDOREOESBFONTHDDIZH L, RT VT =L« 57 L3
FHICH D, EOTs, KR TIIT =Y\ 7 AOHZEFH Lz, 7=V EFX
UCSC Table browser (Fujita et al. 2010)  (http://genome.ucsc.edu/cgi-bin/hgTables) (2T, LLF
DEIEHEAEREL Cvef 77 A NVEL T — KL,

group: Denisova Assembly and Analysis

track: Denisova Variants

table: dhcVefDenisovaPinky

F LN =R T T — 5 L DOEFIINZ OV TIE, UCSC Genome Browser (Fujita et al.
2010) @ Lift Genome Annotations (http://genome.ucsc.edu/cgi-bin/hgLiftOver) % FIJf L CTHUS
L7z,
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31 BEEICAERANT T F A FHERD 1000 Genomes PNEEFR

HRANERANT T Z A T OV TREEL L 72 Sk THRA BT 8 & 1 1Tk
N HISR S JOGHE SN2 Z R, 1000 Genome 7 — & HFICHER CTX D05/ 2 A,
HLA-B fEI IO CIEIRER AN R T 1 Z A THRERAZEROIZ & A EDS 1000 Genome
T2 ZEWVEEH AR o TEHEN TV e, EHusxf L, HLA-B fHEIC W T, 57
FORRMERNG ENTW ot (F2)

2. WRAHSkANT T # A 7D 1000 Genomes T — & NI,

sk f@;ﬁ;ﬁ%;\:;&& 1000 Genomes 1 HICANHRANT T X AT D
(ko) AR AR 1000 Genomes HITE(E
Xpll hX 24 22 Yes
MCPHI1 D 46 46 Yes
RRM2P4 A 5 5 Yes
dys44 B006 1 1 Yes
HLA-B B*73 190 59 No
17q21inv_H2 21 21 Yes
(LD1) FHAfE (11) (11)
(LD2) KAl (10) (10)

[1] SCEkHT 11 180> marking SNP ZALZH0 ¥ i KA L 7=,
[2] SCiEkT 10 180> marking SNP ZH 2N 7 e Rl L 7=,

A OIRE L, AT 1 & o PR RAER L 0 A lE% . 1000 Genomes T

— H B THERIICEHE L, £ <08 2RI EBROMFET D5 ETHZ LIk > TH
7o ZORER, 23kb 725 268 kb F TOBBHA IR RO bz (£3) . 77EL
HLA-B fHIIZ DWW I, EfRANHRNT 1 1 TRV R 2T D8RI 2 R 7
Thololzdh, WEATHOFENTEX eholz, BT, ZN6 2{ERONT v X A4
By BN T ChH D = &, BLOHLA ’ﬁﬁiﬁ@ﬁ%@i@ ﬁza‘:%r%ffé & . HLA-B fEfi
\ZHRE SRSk N7 1 2 A 7131000 Genome T — Z (ZIEE /e & fsamlt T 7=,

UL, 2SO R AR R AT 7 % A 7131000 Genome ?~§? IZEEN TS D
E o T,
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#* 3. EEA TR O TR,

3.2 EdFbeEg TR REdham SC 85 R F
AFEHTIZ LD 1000 Genomes T — & TAAEE i fH R
(ZRES Nz, ZRENOERAHR (bp) (bp)
TREA T, T =Y SR 1000 Xpl1_hX 10,083 83,109
Genomes 7 — & FTOREHEIRANT 1 MCPH1 D 24,500 59,668
B AT EPRET, 7 LESITTORELIE RRMOPA A 2341 23,197
(2 FED & BRI R AN CREL L7 fG dys44 B006 7,923 35,161
B 9. BIRAEHRAHRNT B X 17q21linv_H2 1,405,669
A MM E DBURD IR > TNDH Z &8 (LD1) fKfE 267,635
RENTZ, 2F D, HRAHERANT B S (LD2) e KfiE 155,377

A AT T L HBRANT R Z A
DOIMANIALES D0 TIdZeh -7 (K1) o RAERANT v 2 A T OBRANT
1 XA 7 LIS T A BT AR NT T & A TR SNP L HEHO & 5 SNP
B ORERN A SNP BUZKT T2 LRITIRTT L TV e, 2O 0.07 28 % 72 3 fEI
(Dys44_B006, Xp11_hX, 17q2linv_H2) T, HRAHRANT 0 X A TRMMOBRANT B
BATDY T AEDIMUNANLE LTz,

WIZ, T=YNenTad A7 LORRICENTY, ENENOFEE TR > TD
ZEPRENT, DFED, T LT =Y N T as A TOEITHER AR RN T T
Z A TERDMET Dol TH 72202572 (¥ 1) . MCPHI_D & Dys44 B006 (235 T,
AR ET =Dl T B XA TRE—7 T AZER LT, £z, X T TV
L=« 7 ) MBS RN HRNT 1 & A R EE) SNP D allele Z bbE L72 & 2 A,
RRM2P4 A & Dys44 B006 (Yotovaetal 2011) (23T, [A—HEETHSH Z LML TX
7zo LT, MCPHI D, Dys44 B006, RRM2P4 A D 3FEIRICIW T, T=Y B H T
T T INH—=NDNT R AT OGRS (E4)

3.3 HBELHAOERH

HRAESRANT T A FIZONTHE L2 ENOSHRTIE, BN 2 RSH
EMUOBIRANT B X A T L VBTS2 & TRASNTEHEIEND Tiie<,
M7 7 V0 - 7 VCIERA CE RWHIBIR A A3 2 & TH R ShESEa 1 20 o
7= (# dys44. Zietkiewicz et al. 2003) , [FIERIZ. AAFZEIZ L Y 1000 Genomes kL V) [FIE S 4
TR T B 2 A ZlAfid s~ T, A3 Ce b mBE Bl ST m & A
FNHT, 77U DERTOEEME -T2 (FR4)
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4.1 gene genology Ef& TRt

ABFFET 1000 Genomes 7 —Z W TCHIE Sz, HRAHENT B X A TRT =V 3%
HNIART VT NE—NDNTa b AT L Otk RS X7z 3 fEik (MCPHI D,
Dys44 B006, RRM2P4 A) Tix, WI N bMOBIRANT 1 & A 7 L OBIRHIRERED T
NTaBA T Thole (F4) . ZOZ &k, BURANSEERNORT T NZ—L i35
VTR & B AR D3 _T DIE[E D coalescent time & DZENN/NIWZ LI LD &
ZZ2 b, BRADOT X TOBIEAED coalescent DIEHE)7)S 4N HHAREERR] (8 100 HHE)
THDLHOIZX L, 1T T —L LB E O3 U R TEE D S OEE 1O
coalescent 73 2N H#HAXIERH] (K9 50 T4E) CThDH, DF V. WA OZEIT S0 THE LD, O
FU., XT TN EBRADEER O L RRETH D, = 2 TR THK
L72EB0, HRANERANAT B X A THEMPEICRT VT AE— VK Th 7L LT
b, BRANT FAZOHFIZAD Z LT RICBEIND LB 2 HiLD,

Wz, BRANT 02 A T D7 T 22 OIMINALE LTz RN RN T 7 &2 1 Tt
IRT T NE =) T=IRNONT U b ITFRERE RS otz (F4) . LbZ
NHBT 7V DI =TI TIZEL G LTND I EEEZDH L, TROLBHIIRT
TN =)L EBRAOILEMASCER DR B 2RI T > 7o P OBEE - & LTHL
RN TIAREE LT T D EEIRT 5720 Tid, SiSREECH 5, T 7 U Al
DIEEZR. IR, HEWIRT T —/L L3RRS ANEE ORMLEE 2 5
WENRD D,

EZAT, BURANT XA T D T AZRNTHRANBRANT T X A TR E £
72 38l (MCPH1 D. Dys44 B006, RRM2P4 A) [T\ 91 & EEH RN\ EVVEIC R T 5
(F4)., (&7 LSTR ~—h—%ffo -l SV TR S 27 —4 (Kong et
al. 2002) , ) TOZ LITECANHERANT B X A T OHEIESAREE LR L OO Z R
292 AlREMEN S 5, A F%. [FILC 1000 Genomes TP SNP 7 —H ([ZH-D& | fEIPN CHEgH
A O EZATOMER T DRER B D,
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Evaluation of archaic haplotype candidates reported in modern humans

Makoto K. Shimada
Institute for Comprehensive Medical Science, Fujita Health University

Abstract: Genomic differences between modern humans and archaic humans such as the Neandertal
are key information to understand how replacement between them occurred.  Although genome
sequences of archaic humans such as Neandertal and Denisova have been published, they are a small
number of ancient peoples. Genomes of modern humans are known to contain ““ancient
haplotypes” that originated from archaic humans by hybridization. To clarify the relationship of
the reported ancient haplotype candidates to the modern and ancient humans, and to develop a
methodology that search ancient haplotypes through whole genome of modern humans, I searched
the database of 1000 genomes project.  Six out of inspected seven candidates of ancient haplotypes
ever reported were considered to exist in the 1000 genome data. The three out of the six candidates
that exist in 1000 genomes showed that they are closely related with haplotypes of Neandertal or
Denisova genomes. Interestingly, the three haplotypes were located within the cluster of modern
humans in gene geology tree. Moreover, the three haplotypes located within the genomic region
with high recombination rate. These haplotypes had been marked as candidates of ancient
haplotypes before the Neandertal genome is available, because of characteristic geographic
distribution pattern.  They are distributed more in Eurasia than Africa with little diversity among
the lineage in spite of considerable frequency. On the contrary, other three haplotypes were
distantly related from that of modern humans and located with regions with low recombination rate.
These haplotypes showed that modern human genomes contain haplotypes originated from other
ancient humans than Neandertal or Denisova. These findings suggest that geographic distribution
pattern of haplotypes is a key feature to be marked as ancient haplotype. For further search of
ancient haplotypes at whole genome level, geographic information of 1000 genomes and existing
Neandertal or Denisova genome information are required as well as genetic distance from common

haplotype in modern humans.
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The effects of resource distribution on the origin of inter-group communication

Shiro Horiuchi
Shibaura Institute of Technology

Abstract: This study tries to elucidate the origin of inter-group communication on the modern
humans, by constructing an agent-based model. The model assumes four strategies, Hawk, Dove,
Bourgeois, and Sharing, following previous studies. The model shows that agents more likely
adopt Dove or Sharing strategies and share resources with strangers, if resources appear at locally
restricted areas and the value of holding resources is low comparing with the cost of battle for the
resources. Since the modern humans traveled long distances for locally but abundant productive
resources, such as obsidians or sanukites, they could have started primitive inter-group

communications, under prevalence of the Dove or Sharing strategies, predicted by the present model.
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Cultural evolution in Asia
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Cultural evolutionary speed and cultural interaction

Wataru Nakahashi
Meiji Institute for Advanced Study of Mathematical Sciences, Meiji University

Abstract: In order to investigate different cultural changing patterns between modern and archaic
humans, I create a new model of cultural evolution. I show that when we consider one isolated
population, cultural evolutionary speed increases when individuals have higher creativity to explore
wider cultural traits, accurately judge the utility of cultural traits (strong direct bias), do not strongly
rely on the population mean, increase the exploring range according to the variety of socially learned
cultural traits (condition dependent exploring), and make smaller error in social learning. The
number of exemplars, population size, relatedness (similarity) of cultural traits in exemplars, and
one-to-many (teacher) transmission have little effect on cultural evolutionary speed provided
population size is large. Next, I study the effect of cultural interactions between modern and
archaic humans. I show that different cultural changing patterns of Africa, Europe, and Asia around
20,000-200,000 years ago can be explained by difference in dispersal processes of modern humans
between regions.  Cultural interaction sometimes functions as the rotten apple and sometimes as the
negative exemplar of how not to behave. The artistic explosion in Europe can be explained by the

negative exemplar effect of Neanderthals.
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A simulation study of the replacement of Neanderthals by modern humans in Europe:

Effect of climate change, cultural evolution, and the shape of the continent

Yutaka Kobayashi
Graduate School of Science, the University of Tokyo

Abstract: The cause of the replacement of Neanderthals by modern humans is one of the
biggest mysteries in human paleontology. Some stresses importance of climate change and
others the role of competitive exclusion. In the present study, the following set of hypotheses,
which involves both of them, is proposed: (1) Modern humans spread into Europe 40k years
ago because they acquired techniques to live in treeless environments. (2) Among hominids
only modern humans accomplished this because of distinct innovative abilities. (3) Climate
change caused drastic increase of the rate of cultural evolution and cultural diversity. (4)
Neanderthals survived in the Iberian Peninsula exceptionally long because the peninsula was
a glacial refuge for trees. (5) Neanderthals rapidly disappeared in places other than the
peninsula because modern humans inhibited their re-expansion in warm periods. A simulation
model is constructed to show that the replacement possibly occurred in a way consistent with
all the above hypotheses (1)-(5).
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DI LT —F e "ORSAIER LTe, 2F 0 [RBE Mk Z o 72 RRIT R UEZE )
Th b eV %EH=< (Finlayson & Carrion 2007) . W& O EHEENTES R ZEZN B
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BB ZMEEL TW 5D, b MOSARIERITALRE £ TIZ b LS50, MEOBREE~EHIZ
I, FHE, e BRE IR OS2 & O 3biiE S 7e L CIEIARFEETh > 72 T
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34,000~31,000 ££F[D 7 V) — SV BE AT T2 — L DJEER S LivZgn &
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— ) Bl THET VT ORMIICHAAIER LIZEBEZ NS, £, v T olk
HS0 HAFE21E 38,000 4-~37,000 4FHi E TIZEIZE L7z L 9 72 (Pope & Terrell 2008) ),
PARY TN — P TR —T T OEMBBELIZEEZOND, 2L
SMZH I — T o7 OERD T 7V ILARE ALIZE > THEIR WIS L 72 mTRE MR,
TNEANREBZ D0 FE L CBE LMD H D500 LivZey, 33,000 4FiLA
B cEN R b U, b ~OMEHITEH L) o7 K 5 72, FikE~OBEIT—
U > TG DMEAE LT BB (]9 20,000 4E/11) 25 13,000 4FRi, 2 FE 0 b
TAYVHBTra—T 40 AUENEFRBIE TICE Z > 72 DIEHNTH A,

Ja—17 4 AARIET AV B RERYIOBEFICL DD LEEZZLITE TN,
B T 72 28 2R, B 2 XKk T Y OF 7 « U = LT B 14,600 4-Ai
& 13,000 FERTE D ORH N LR END GTIREBED ST ANREEHZ 5o
& % (Dillehay etal. 2008), 4 CIXHEMDO ML —T > THEMIIN—U » ZEEECHK
FED RPN 2B - T, 7R 0 RO E TRk E TREN L7 S W ) BB IA ZIT A
nohTng,

PRTE D, SiEF, 5%, AVFEOGHUCE S REOREIL MR Z 72 &
FEME ST 2Dy (Greenberg et al. 1996) . 7 A U 1 KEE~OBAE N EHEIH 722 &
IZ. 2 bz KU 7 DNAZHIIZ, ITFEDOT A U B IfERDE: DNA 277 ) LT )
HHRE I TS (Reichetal. 2012), 7 VT4 E T A U AL O IR IR
DNA 7/ A BIFHEE STV RWA X b KU 7 DNA O T v 7V — kT
ICEDFEMRHEBITEHDH Y. ZhoERETDHET AV BEEROME (B 1) X
20,000~15,000 FATIZ T T QLM B 53l L T_— U > T TEfg 2 - 72 & 9 s
HhEEZBND (O’Rourke & Raff 2010)

Reich & (2012) IZ X287 7 2082 LuiE, 5 131X Zapotee 72 & D LT A
U o REERESC, Karitiana 72 EDOFFT A U DIFERANEFHIS RHTH D Z &0, BRI %
E LT BT N BRIB XL TVN D, S BT, 3 2 LI CHrREICEH Lz e b
D TR TBECBAEL TR SR L, BIfEOT=AFE— - T LT FEEST -
T RRERE TR LTz f[REE RN BN 2 E b o Tz, Fiz, U 7T ORmIZETe T 7
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DETHLN, ZOT —H_X— A3 PubMed CCHRT — & X—R) CTHil el
ARRER L, BERFE A B L TR0 . 2013 42 A 28 HEBIETIL 1,525 A O CH
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2, BFRE, HRE, EoRkEmRin,. AORIEKKIR, MES) &7 U VHEE OB
ZAAS R Ko TEIRZ T 727/ Az #EE L T4 (Hancock et al. 2011),
Z OWFFETIFARER B (U BT 2 BRI SEMmBE IS ORI AL b e, B2 T
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5 DOFEHRIL dbCLINE & W H F—F X=X & LTAR SN TEY, Zha vk
R D“A Catalog of Genome-Wide Association Studies” CieH L 7= IMPi% « k5 H 2 BE
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Anorexia nervosa
Asperger disorder

Attention deficit hyperactivity
disorder

Attention deficit hyperactivity
disorder (time to onset)
Attention deficit hyperactivity
disorder and conduct disorder
Attention deficit hyperactivity
disorder motor coordination
Attention deficit hyperactivity
disorder symptoms

Autism

Bipolar disorder

Bipolar disorder (age of onset
and psychomotor symptoms)
Bipolar disorder and major
depressive disorder

Bipolar disorder and
schizophrenia

Conduct disorder (case
status)

Conduct disorder (interaction)

Conduct disorder (symptom
count)
Depression (quantitative trait)

Depression and alcohol
dependence

Epilepsy

Formal thought disorder in
schizophrenia
Hyperactive-impulsive
symptoms

Inattentive symptoms

Maijor depressive disorder
Major depressive disorder
(broad)

Major mood disorders
Migraine in bipolar disorder
Narcolepsy

Neuroticism
Obsessive-compulsive
disorder

Panic disorder

Post- traumatic stress disorder
Schizophrenia
Schizophrenia (treatment
refractory)

Schizophrenia, bipolar disorder
and depression (combined)

Social and Non-Social
Autistic-Like Traits

Speech perception in dyslexia

Suicidal ideation

Suicide attempts in bipolar
disorder

AB1-42
Alzheimer's disease

Alzheimer's disease (age of
onset)

Alzheimer's disease (late
onset)

Alzheimer's disease
biomarkers

Progranulin levels
P-tau181p

T-tau

Vascular dementia

White matter hyperintensity
burden

Addiction

Alcohol and nictotine co-
dependence

Alcohol consumption

Alcohol dependence

Alcohol withdrawal symptoms
Alcoholism (12-month weekly
alcohol consumption)
Alcoholism (alcohol
dependence factor score)
Alcoholism (alcohol use

disorder factor score)
Alcoholism (heaviness of

drinking)

Caffeine consumption
Cannabis dependence
Cannbis use (initiation)
Coffee consumption
Drinking behavior
Gambling

Heroin addiction
Hoarding
Methamphetamine
dependence

Nicotine dependence
Smoking behavior

Smoking cessation

Substance dependence

5-HTT brain serotonin
transporter levels

Amygdala reactivity

Brain development

Brain imaging

Brain imaging in
schizophrenia (interaction)
Brain lesion load

Brain structure

Caudate nucleus volume
Cortical structure

Cortical thickness
Electroencephalogram traits
Electroencephalographic traits
in alcoholism

Entorhinal cortical thickness
Frontotemporal lobar
degeneration

Functional MRI
Hippocampal atrophy
Hippocampal volume
Intracranial volume
Lentiform nucleus volume
MRI atrophy measures
Neuranatomic and
neurocognitive phenotypes
Normalized brain volume

Volumetric brain MRI

White matter integrity

Cogpnitive ability

Cognitive decline
Cognitive function
Cognitive performance
Cognitive test performance
Educational attainment
Episodic memory

General cognitive ability
Information processing speed
Inteligence

Mathematical ability
Memory (short-term)
Memory performance
Neural processing (facial
expression)

Reasoning

Working memory

Adverse response to
carbamapezine

Adverse response to
lamotrigine and phenytoin
Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis
(interaction)

Antipsychotic drug-induced
weight gain
Antipsychotic-induced QTc
interval prolongation

Chronic fatigue syndrome
Cortisol secretion
Creutzfeldt-Jakob disease
Creutzfeldt-Jakob disease
(variant)

Dupuytren's disease
Essential tremor
Event-related brain oscillations
Gaucher disease severity
Handedness in dyslexia
Head circumference (infant)
Hearing impairment
Insomnia (caffeine-induced)
Leprosy

Meningioma

Meningococcal disease
Migraine

Moyamoya disease

Multiple sclerosis

Multiple sclerosis (age of
onset)

Multiple sclerosis (severity)
Muttiple sclerosis--Brain
Glutamate Levels
Neuroblastoma
Neuroblastoma (high-risk)
Neuromyelitis optica
Odorant perception
Paclitaxel-induced neuropathy
Parkinson's disease
Parkinson's disease (age of
onset)

Parkinson's disease (familial)
Parkinson's disease (interaction

with coffee consumption)

Parkinson's disease (motor

and cognition)

Partial epilepsies
Personality dimensions
Prion diseases

Progressive supranuclear
palsy

Response to antidepressant
treatment

Response to antidepressants

Response to antipsychotic therapy
(extrapyramidal side effects)

Response to antipsychotic
treatment

Response to citalopram
treatment

Response to iloperidone
treatment (PANSS-T score)
Response to iloperidone
treatment (QT prolongation)
Response to interferon beta
therapy

Response to lithium treatment
in bipolar disorder

Response to methylphenidate
treatment

Restless legs syndrome
Sexual dysfunction
(SSRI/SNRI-related)
Sleep duration
Sleepiness

Stroke

Stroke (ischemic)
Subarachnoid aneurysmal
hemorrhage

Subclinical brain infarct
Tardive dyskinesia

Temperament

Temperament (bipolar
disorder)

Table 1. fpfdife « FEFEE D U A k. A Catalog of Genome-Wide Association Studies (ZFEHEL D & 2 =
BOWED OB, IR < KRR EBIZRRT 2 17T A2 RICE L DT,
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Examining human expansion to the New World from the genetic data

Kyoko Yamaguchi
Transdisciplinary Research Organization for Subtropical and Island Studies
and
Department of Human Biology and Anatomy, Graduate School of Medicine,
University of the Ryukyus

Abstract: Homo sapiens acquired the ability to culturally adapt to the cold climate or harsh
environment, which enabled them to expand to Siberia and the New World. The first part of
this report reviews the genetic studies on modern humans, with a focus on the divergence of
Native American from Siberian. According to the literature, mitochondrial DNA haplogroup
analyses suggest that the first American diverged from Siberian about 20,000-15,000 years
before present, and then crossed the Beringia. Also, both mitochondrial DNA analyses and
the whole genome analysis of nuclear DNA support multiple migrations to the New World.
The second part of this report describes the first step to the analysis of genetic basis of
learning ability using public databases. A total 171 diseases or traits that are possibly related
to brain, nerve, and mental disorders were selected from a database called “A Catalog of
Genome-Wide Association” and the SNPs that have associations with these traits at a
genome-wide significant level were filtered. The next step will be examining these SNPs in

relation to the difference between modern humans and Neanderthals.
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